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Normal Electrophoretic Values for Human Serum Proteins
in University Students by Densitometric Scanning
of Cellulose Acetate Membrane
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INTRODUCTION

Electrophoretic studics of serum proteins have
become routine in most clinical laboratories
throughout the world. In order to evaluate
quantitative variations of the serum protein
fractions obtained with electrophoresis, a thor-
ough knowledge of the normal values and pat-
terns is essential.

The world literature abounds in reports on
the electrophoretic procedures for the quantita-
tive determination of scrum proteins and the
normal values. (Oreskes and Corcy, 1956;
Wurm and Epstein, 1956; Graham, 1960;
Colehour, 1960; Kohn, 1957; Aronson and Gron-
wall, 1957; Vebster, 1965; Samnons and White-
head, 1963). Dozens of new instruments have
been introduced to perform the actual fraction-
ation and quantitation. The quality of the tech-
nical analysis has becen greatly improved and
the procedure simplified. But the normal values
of serum protein fractions are variable in accor
dance with the methods of fractionation, stain-
ing and quantitation.

The purpose of this study is to establish the

normal wvalucs of serum  protein fractions in
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Korean population for use in clinical laboratory
by the method of microzone electrophoresis on
cellulose acetate membrancs which is being used
in many clinical laboratories.

The statistical cvaluation has been made on
the sera from 58 healthy young persons (18
females and 40 malcs between twenty one and
thirty years old). The comparisons between
the females and males have been presented and
the normal values have becen compared with
those of others obtained by various methods.

Staining and quantitation of the protein fract-
jons were performed using Ponceau S stain and

densitometric scanning cquipment.

MATERIAL AND METHODS

1. Subjects
The subjects of this study were 58 healthy
university students (18 females and 40 males
between twenty-one and thirty years old)
2. Reagent and Instruments
(1) Technicon Autoanalyzer MTII System
(2) Beckman Model R-101 Microzone Electr-
ophoresis Cell and Microzone Accessory Kit.
(3) Beckman Model R-112 Scanning Densit-
ometer.
(4) Beckman Model RD-2 Duostat Powcer
Supply.
(5) Cellulose Acetate Membranes, 35, 8-by
14. 5cm, Beckman Part No. 324320
(6) Barbital Buffer Solution, BEeckman B-2
Buffer, Part No. 320024
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(7) Ponceau S Staining Solution, Beckman
Fixative Dye, Part No, 324340

(8) Acectic Acid, Cyclohexanone, and Alcohols
(analytical grade).

3. Determination of total protein.

The concentrations of total proteins were det-
ermined by a modified biuret method (Skeggs
& Hochstrasser, 1964) using Technicon Autoa-
nalyzer MT 1I system.

4, Electrophoretic procedure (Kaplan &
Savory, 1970)

Separation of the protein fractions was perfo
rmed on 5. 8-by 14.5cm. cellulose acetate mem
branes. using the pH 8, 6 barbital buffer solution
of 0.075 ionic strength. Electrophoretic separa-
tions were made for 18 to 20 minutes in the
Beckman Model R-101 Microzone cell at a con
stant voltage of 250 V(3.5 to 5.8 ma. per
strip) supplied by a Beckman Model RD-2
Duostat.

Protein was stained with 0.2% Ponccau S
fixative dye in aqueous solution containing 3%
trichloroacetic acid and sulfosalicylic acid.

After dyeing is complete, back ground stain
was removed by 3 successive washes in 5%

aqueous acetic acid.

The membranes were dried by draining off
excess liquid and dehydrated by immersing it
in aleohol rinse soution (denatured alcohol)
for onc minute, and then immersed in clearing
solution (309% cyclohexanone solution in denat-
ured ethanol) for exactly 60 seconds.

The membrane was positioned on a glass
plate in the clearing solution and removed with
the plate and then heated in an oven for 15 to
20 minutes at 70° to 80°C.

Membrane was peeled from the glass plate
and mounted in a plastic envelopc. The quant-
ation of the protein fractions was performed by
Beckman Model R-112 Scanning Densitometer

with a intergrator using a 520nm filter.

The percenrage of ecach protein fraction was
calculated and the concentration of each fraction
was obtained by multiplying its percentage by
the total protein concentration, a figure obtained

by a separate analysis.

RESULTS AND DISCUSSION

Analytical results of serum protein fractions
from 58 hecalthy young university students are
shown in Table 1.

The normal distribution pattern was obtained
for each of the measurcments of serum protein
in which approximately 68 percent of the values
arc no more than 1 standard deviation from the
mean, and 95 percent are within 2 standard
deviations of the mean,

The concentrations of the protein fractions
were expressed in terms of absolute cencentra-
tion and relative concentration (percentage of
the total protecin).

The mean concentrations of total protein of
the females (7.88730.50 g/100ml) was slightly
higher than thosc of males (7.7740.30 g/100
ml). The values of albumin, a,-, a,-, and g-glo-
bulin did not show noticeable difference between
the two groups. But the r-globulin value of
females was higher than the value of males.

The values of serum protein fractions between
the females and males were statistically compared,
and the results of the t-test and the p values
were shownin Table 2,

ay-globulin values exhibited a high degree of
identity (t<C0.64, p>0.50) and total protein,
albumin, B-globulin values and A/G ratio were
at variance within experimental limits (t<{]. 47,
p=>0. 10).

Highly significant difference between the fem-
ale and male groups, greater than 5% level(t>>
2.93, p<0.05), was found in the y-globulin

values. Statistical comparison with absolute con-
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centration of a;-globulin shows significant differ- a biuret method.
ence (t=2.64, p<0.02). The mean concentrations of albumin were
We compared the results of present study slightly high on comparison with the normal
with those of others obtained by similar or di- values of Korean population reported by Moon
fferent analytical procedures (Table 3). et al(1965), and Shim(1957) using a paper
The mean value of total protein determined electrophoresis  technique but similar to the
by biuret method using Technicon Autoanalyzer values reported by Shepherd and Mason (1965)
MT II system were higher than the normal using a cellulose acetate membrane.
values reported by others (Kaplan & Savory, In the case of a,-globulin, the normal values
1965; Moon et al., 1965) and it secms to be due of present study was lower than the values of
to the analytical method and instrument empl- Korean population using paper strips (Moon et
oyed. But this values are similar to the value al., 1965) and the normal values reported by

reported by Shepherd and Mason (1965} using Wurm and Epstein (1956), and Corey (1956)

Table 1. Normal values for serum protein fractions separated by microzone cellulose acetate electrophoresis.
Ponceau S staining. Evaluation by densitometric scanning. Specimens were obtained from 58
healthy medical students (18 females and 40 males between 21 and 30 years old)

Female (n=18) Male (n=40)

Protein Fraction Porcent of total protein Amount (g/100ml)  Percent of total protein Amount (g/100ml)

mean SD 95% range mean SD 95% range mean SD 95% range mean SD 95% range

total protein 7.88 0.50 6.88-8.88 7.77 0.30 7.17-8.37
albumin 60.9 3.4 54.1-67.7 4.790.234.13-5.45 622 2.9 56.4-67.9 4.83 0.26 4.31-5.35
a1-globulin 2.5 0.5 1.5-3.4 0.190.04 0.11-0.27 2.8 0.6 1.7-3.9 0.220.04 0.14-0.30
ag-globulin 7.2 1.0 5.3-9.2 0.570.080.41-0.73 7.4 1.3 4.7-10.1 0.57 0.11 (-35-0.79
S-globulin 9.5 1.5 6.5-12.6 0.750.14 0.47-1.03 10.1 1.3 7.3-12.7 0.78 0.11 0.56-1.00
r-globulin 19.9 2.5 15.0-24.8 1.57 0.24 1.09-2.05 17.8 2.4 12.9-22.6 1.38 0.20 0.98-1.78
A/G ratio 1.57 0.23 1.11-2.03 1.66 0.20 1.26-2.00

Table 2. The result of the t-test with the mean values of the serum protein fractions between the female
and male groups,

t value p value (df*==56)
Protein {ractions absolute percent of absolute percent of

o concentration total protein concentration total protein

protein total 1.10 — 0.30>p>>0.25 —

albumin 0.36 1.41 0.80>p>>0.70 0.20>p>0.10

a-globulin 2. 64 1.98 0.02>>p>>0. 01 0. 10>>p>>0. 05

as-globulin 0.00 0.64 p>0.9 0.60>p>0.50

p-globulin 0.80 1.47 0.50>p>>0. 40 0.20>p>0.10

r-globulin 2.93 3.00 0.005>p>>0.0014*  0.005>p>0. 001+

albumin:globulin ratio 1.43 — 0.20>p>>0. 10 —

* df=degree of freedom
+ The difference is significant.
++ The difference is highly significant.
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using a paper and moving boundary eleotroph-
oresis, but similar to the values reported by
Shepherd and Mason,(1965), Kaplan and Sav-
ory, (1965) and Kohn (1960) using a cellulose
acetate electrophoresis technique.

The mean value of a,-globulin was lower than
the normal values of Caucasian population but
slightly higher than the normal values obtained
by paper electrophoresis technigue.

The mean value of g-globulin was lower than
those of Caucasian population but similar to the
results of electrophoresis on Korean population.

The normal values of y-globulin was similar
to those of Korean pepulation obtained by paper
electrophoresis but very higher than those of
caucasian population cbtained by cellulose acetate

electrophoresis.
SUMMARY

The normal values of serum protein fractions
by cellulose acetate electrophoresis had been
determined from the sera of 58 healthy unive-
rsity students and a statistical evaluation of the
data has been presented.

The normal distribution patternhad had been
obtained for each of the measuremcnts and on
the comparison between the female and male
groups, highly significant diffcrence has been
found in the y-globulin values.

It seems that y-globulin values of Koerean
population are higher than those of Caucasian
population regardless of analytical methods

employed.

IEE R2E(
Cellulose Acetate 7| S SHHl 2|8t
grol BHTHMESo| FH AKX
A = 4
Aeada Ao g A=
Atz gAgeid A7 AF4

3 3.4 3 o

Agd e 0% AT AT

Microzone cellulose acetate A 7] o] 4& &
ol By 2ye F4AE Q] Fete] 21~304 A
ol o] ZA73g A 584 (o1 187, ¢A 40%)€ W
oz B AL g e e AAE AR

1. TechniconA} #A+E¥47] MT II system& AF-&-3
o biuretd oz A FAFAYAY A€ 4F
7.8840. 50g/100mi¢] 32 ¥ A+  7.7740. 30g/100mlo]
sl

2. ¥4 albumin, ay—, az—, B, B r-globulin &
2o AAHE, dA4s) BL 27 4.79:+0 33g/100ml
(60.9+3.4%),  0.1940.04g/100ml  (2.53:0.5%),
0. 5740, 08g/100m1(7. 21.0%), 0.75:0. 14g/100ml
(9.541.5%) R 1.5740.24g/100m1{19. 9+2.5%)°] &
wAle] e 7] 4.83-0. 26g/100ml(62. 212. 9%,
0. 22-10. 04g/100m1(2. 840.6%), 0.57+0. 11g/100ml
(7.43-1.3%), 0.78-£0.11g/100ml(10.13+1.3%), %
1.3840.20g/100m1(17. 8+2. 4%) o] A vt.

3. &3 albumin/globutin ratie® HFAE oA
1.5740.23, @A 1.6630. 20019 vk

4. Fe] dxgy palg AN Sz HE o,
7 rglobuling 74 @73y 34 FAGHA=22 &
s} ol 7l e (P<C0.02, P<C0.005), & w33l
Yol A Fef el gt

5. oA Arld5e] 9% dF5d AAALS =
ol 9ol Al ay-globlin £82 Atz 2 dol7 o
deon, A4dedd AAGE P TaAA, @
el B pgloblin A7k 959 AFAEG FRL
2 eyt

o

REFERENCES

Aronsson, T. and Gronwall, A.: Improved separation
of serum proteins in paper electrophoresis. Scand. J.
Clin. Lab. Invest. 9,4,338, 1957.

Colehour, J.K.: Separation of serum proteins by density

— 2256 —




—H + &+ A : Cellulose acetate A G 5ol 4T HFal U3 ALY G 45—

gradient electrophoresis. Clin. Chem. 6, 5,485, 1960.

Graham, W.D. Nonionic surfactants in paper electrop-
horesis.Clin. Chem. 6,5,413, 1960.

Kaplan, A. and Savery, I.: Evaluation of a cellulose
acetate electrophoresis system for serum protein fra-
ction. Clin. Chem. 11,937, 1965.

Kaplan, A. and Savory, I.: Cellulose acetate electrop-
horesis of proteins of serum, cerebrospinal fluid, and
urine., In MacDonald, R.P., (Ed): Standard
methods of clinicale Chemistry, wvol 6, New York,
Academic Press, Inc., 1970, #p.13-30.

Kohn, J.: A cellulose acetate supporting medium for
2one electrophoresis. Clin. Chim. Acta. 2,297, 1957.

Kohn, J.: Cellulose acetate electrophoresis and immun-
o-diffusion techniques., In Smith, I.(Ed): Chromato-
graphic and electrophoretic techniques, Vol II , New
York, Interscience Publishers, Inc., 1960, pp56-90.

Moon, S.K., Lee, H.T., Choi, J.W., Kim, H.S., and
Chung, T.H.: Studies on serum protein partition by
Daper electrophoresis. The electrophoretic pattern of
normal young Koreans. J. Korean. Med. Ass.

8,4,88, 1965.

Oreskes, 1. and Corey, H.: Multiple determinations
with moving boundary electrophoresis. Clin. Chem.
2,5,369, 1956.

Sammons, H.G. and Whitehaed, P.M.: A method of
quantitative serum protein electrophoresis. Clin. Chim.
Acta. 8,673, 1963.

Shepherd, H.G. and Mason, C.C.: Normal electropho-
retic values for human serum proteins eluted from
cellulose acetate membranes. Amer. J. Clin. Path.
43,5,464, 1965.

Skeggs, L.T. and Hochstrasser, H.: Muitiple automatic
sequential analysis, Clin. Chem. 10,918, 1964.

Webster, D.: A simple method of serum protein frac-
tionation on cellulose acetate and a comparison of
the albumin levels with a method of sodium sulphite
Sfractionation. Clin. Chim. Acta. 11,101, 1965,

Wurm, M. and Epstein, F.H.: Quantitative electroph-
oresis of serum proteins on paper. Clin. Chem. 2,5,

303, 1956,

— 226 —

-



